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(57) ABSTRACT

A current sensor includes: a housing that holds a busbar to
which a current is applied and a core arranged around the
busbar; a circuit board fixed to the housing in the state of
being arranged to face the housing; and a detection element
for detecting the current; wherein the detection element has
an element main body held in the housing and plural connec-
tion terminals fixed in through-holes in the circuit board, and
a plate-like member provided with guide holes in which the
connection terminals are inserted and which have a diameter
reduced from the side of the housing toward the side of the
circuit board is provided on a surface facing the housing, of
two surfaces of the circuit board.

7 Claims, 8 Drawing Sheets
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1
CURRENT SENSOR AND MANUFACTURING
METHOD FOR THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims priority under 35
U.S.C. §119 to Japanese Patent Applications 2012-278561
and 2013-131776, filed on Dec. 20, 2012 and Jun. 24, 2013,
respectively, the entire content of which is incorporated
herein by reference.

TECHNICAL FIELD

This disclosure relates to a current sensor including: a
housing that holds a busbar to which a current is applied and
a core arranged around the busbar; a circuit board fixed to the
housing in the state of being arranged to face the housing; and
a detection element for detecting the current; wherein the
detection element has an element main body held in the
housing and plural connection terminals fixed in through-
holes in the circuit board, and a manufacturing method for the
same.

BACKGROUND DISCUSSION

Recently, hybrid vehicles and electric vehicles using a
motor and an inverter are widely used. In order to control the
rotation of the motor properly in such fields, it is important to
measure a current flowing through the motor.

As a method of measuring such a current, for example,
there is a current sensor in which, according to a current
applied to a busbar that connects the motor and the inverter, a
magnetic field generated around the busbar is detected by a
detection element (magnetic sensor) and the current applied
to the busbar is calculated based on the detected magnetic
field, for example, as disclosed in JP 2009-121864 A (Refer-
ence 1).

In the current sensor disclosed in Reference 1, the busbarto
which the current is applied and a core that concentrates the
magnetic field are held in the housing, with the core arranged
around the busbar. A predetermined gap is formed in the core,
and an element main body of the detection element is
arranged in the gap.

The detection element, after having plural connection ter-
minals fixed to a circuit board by soldering or the like, is
assembled on both the circuit board and the housing so that
the element main body is arranged in the gap.

In the related-art current sensor, the detection element is
assembled on both the circuit board and the housing by hold-
ing the element main body in the housing after the plural
connection terminals are fixed to the circuit board.

Therefore, at the stage where the plural connection termi-
nals are fixed to the circuit board, the attitude of the element
main body to the circuit board is restricted. Meanwhile, the
circuit board is fixed to the housing, in a predetermined atti-
tude facing the housing.

Therefore, when the element main body is assembled in
such a way that the element main body is held in the housing,
if there is an error in the attitude of the element main body to
the circuit board, an operation to correct the attitude or the like
is necessary and it takes time and effort to assemble the
detection element on both the circuit board and the housing.

If the assembling accuracy is roughly set by expanding the
gap between the core and the element main body in order to
facilitate the assembling of the detection element, detection
accuracy may fall.
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Also, if the assembling accuracy of the element main body
to the core is set roughly, the change in the attitude of the
element main body to the core caused by temperature change
increases because of the difference in the coefficient of ther-
mal expansion between the circuit board and the housing.
Detection accuracy may fall for this reason as well.

SUMMARY

Thus, a need exists for a current sensor which is not sus-
pectable to the drawback mentioned above.

An aspect of this disclosure is directed to a current sensor
including: a housing that holds a busbar to which a current is
applied and a core arranged around the busbar; a circuit board
fixed to the housing in the state of being arranged to face the
housing; and a detection element for detecting the current;
wherein the detection element has an element main body held
in the housing and plural connection terminals fixed in
through-holes in the circuit board, and wherein a plate-like
member provided with guide holes in which the connection
terminals are inserted and which have a diameter reduced
from the side of the housing toward the side of the circuit
board is provided on a surface facing the housing, of two
surfaces of the circuit board.

In the current sensor with this configuration, the plate-like
member provided with the guide holes in which the connec-
tion terminals are inserted and which have a diameter reduced
from the side of the housing toward the side of the circuit
board is provided on the surface facing the housing, of the two
surfaces of the circuit board.

Therefore, after the element main body is assembled at a
predetermined position in the housing, each of the plural
connection terminals can be inserted into each guide hole
provided in the plate-like member, thus guiding the connec-
tion terminals to enter the through-holes in the circuit board.

Thus, the detection element can be easily assembled on
both the circuit board and the housing, with each of the plural
connection terminals securely entering each through-hole in
the circuit board, while high assembling accuracy of the ele-
ment main body to the core can be set in order to achieve high
detection accuracy.

Moreover, as high assembling accuracy of the element
main body to the core is set, the change in the attitude of the
element main body to the core due to the difference in the
coefficient of thermal expansion between the circuit board
and the housing can be restrained.

Thus, according to the current sensor with this configura-
tion, detection accuracy can be improved while the assem-
bling of the detection element on both the circuit board and
the housing is facilitated.

Another aspect of this disclosure is directed to a method for
manufacturing a current sensor including the steps of: caus-
ing a holding portion provided in a housing that holds a busbar
to which a current is applied and a core arranged around the
busbar, to hold element main bodies of plural detection ele-
ments for detecting the current in the state where that plural
connection terminals extending from the element main bod-
ies are bent so that adjacent connection terminals are spaced
away from each other, and where an end of each connection
terminal is bent to align an extending direction of the end with
a direction toward a circuit board from the housing; mounting
aplate-like member onto a surface facing the housing, oftwo
surfaces of the circuit board fixed to the housing in the state of
facing the housing, the plate-like member being provided
with plural guide holes that have a diameter reduced from the
side of the housing toward the side of the circuit board;
situating the circuit board and the plate-like member closely
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to the housing holding the plural element main bodies, then
inserting each of the ends of the connection terminals into the
corresponding guide hole in the plate-like member and a
corresponding through-hole in the circuit board while align-
ing the housing with the circuit board, and fixing the circuit
board to the housing; and soldering the end of each of the
connection terminals to the circuit board.

That is, as each holding portion provided in the housing
that holds the busbar and the core holds the element main
bodies of the plural detection elements, each element main
body can be assembled to the core accurately.

As the circuit board and the plate-like member mounted on
the surface of'the circuit board facing the housing are situated
closely to the housing, each of the ends of the connection
terminals aligned in the direction toward the circuit board
from the housing is inserted in the corresponding guide hole
and the through-hole in the circuit board, while the housing
and the circuit board are aligned together. Thus, the circuit
board is fixed to the housing.

The respective connection terminals of the detection ele-
ments are bent in such a way that adjacent connection termi-
nals are spaced away from each other, and the end of each
connection terminal is bent toward the circuit board.

Therefore, even if large guide holes in which the connec-
tion terminals can be easily introduced are provided as guide
holes in the plate-like member, these guide holes can be
arranged without interfering with each other. Also, if the
circuit board thermally expands and becomes displaced with
respect to the housing, the connection terminals become
deformed by bending and thus can absorb the displacement.

Also, the bending direction of the connection terminals is
not the same direction but is set in directions away from each
other. Therefore, when the circuit board is displaced in a
particular direction with respect to the housing, even if a
direction of the external force acting on each connection
terminal is the same, the connection terminals bend in differ-
ent directions from each other and therefore the connection
terminals have different bending states from each other. Thus,
no matter which direction the circuit board is displaced in, the
influence of the external force applied to the element main
bodies is averaged and the mounting stability of the element
main bodies is increased.

Moreover, while each of the ends of the plural connection
terminals can be easily inserted in the through-hole in the
circuit board, the circuit board can be fixed to the housing in
the state where the movement with respect to the circuit
board, of the connection terminals with the ends thereof
inserted in the through-holes is allowed.

As each of the ends of the connection terminals inserted in
the through-hole in the circuit board is soldered to the circuit
board after the circuit board is fixed to the housing, the detec-
tion element can be assembled on both the circuit board and
the housing.

Thus, each connection terminal can be soldered to the
circuit board in the state where there is little residual stress,
and the assembling attitude of each element main body to the
core can be easily stabilized.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and additional features and characteristics
of this disclosure will become more apparent from the fol-
lowing detailed description considered with the reference to
the accompanying drawings, wherein:

FIG. 1 is a perspective view schematically showing a cur-
rent sensor;
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FIG. 2 is a plan view of a sensor unit having plural current
sensors;

FIG. 3 is a cross-sectional view taken along III-IIT in FIG.
2;

FIG. 4 is an enlarged cross-sectional view of the current
sensor;

FIG. 5 is a cross-sectional view showing a process of
assembling the current sensor;

FIG. 6 is a cross-sectional view showing a process of
assembling the current sensor;

FIG. 7 is a cross-sectional view showing a process of
assembling the current sensor;

FIG. 8 is a plan view showing a sensor unit according to a
second embodiment;

FIG. 9 is an enlarged view of a current sensor according to
a third embodiment;

FIG. 10 shows a recessed portion according to another
embodiment; and

FIG. 11 shows a recessed portion according to another
embodiment.

DETAILED DESCRIPTION

Hereinafter, embodiments disclosed here will be

described.
First Embodiment

FIG. 1 schematically shows a current sensor A according to
an embodiment disclosed here. FIGS. 2 and 3 show a sensor
unit U including plural current sensors A as a unit. FIG. 4
shows an enlarged cross-sectional view of the current sensor
A provided in the sensor unit U.

As shown in FIG. 1, the current sensor A detects the mag-
netic flux density of a magnetic field generated by a current to
be measured flowing through a busbar 1 in order to measure
the current to be measured applied to the busbar 1, and mea-
sures the current (current value) flowing through the busbar 1,
based on the detected magnetic flux density.

As shown in FIGS. 2 to 4, the current sensor A has the
busbar 1 in the shape of a strip-like plate made of a conductor,
a core 2 made of a metal magnetic body, a Hall IC 3 as a
detection element for detecting a current, a printed board
(circuit board) 4 formed with a resin material, a terminal
guide plate 5 made of a resin material as a plate-like member
provided with guide holes 54, and a housing 6 made of a resin
material, and the like.

The busbar 1 is used to connect a three-phase motor, not
shown, to an inverter that electrifies the three-phase motor.
The three-phase motor is used as a driving source of a hybrid
vehicle, electric vehicle or the like, and has three busbars 1 for
each combination of three-phase motor and inverter.

The sensor unit U is formed as a unit in which three current
sensors A corresponding to the three busbars 1, respectively,
are arrayed in a line, as shown in FIG. 2. If the current to be
measured increases, additional current sensor(s) A may be
added to the unit.

The core 2 is formed in a U-shape by plural magnetic steel
plates stacked together and having a gap 2a between two
ends. The core 2 surrounds the outer peripheral side of the
busbar 1 in the circumferential direction and concentrates
magnetism. The busbar 1 is inserted with a space on the inner
peripheral side of the core 2 in such a way that the plate
surfaces thereof face the core 2.

Inthehousing 6, the busbar 1 corresponding to each current
sensor A and the core 2 arranged around the busbar 1 are
assembled together and these busbars 1 and cores 2 are inte-
grally held.
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The printed board 4 is integrally fixed to the housing 6 in
the state of being arranged to face the housing 6. A circuit
pattern corresponding to each current sensor A is printed on
the printed board 4.

The Hall IC 3 has an element main body 3a held in the
housing 6 and plural (in this embodiment, three) connection
terminals 35 soldered and thus fixed to the corresponding
circuit patterns through through-holes 4a in the printed board
4.

The element main body 3a is assembled at a center position
in a direction of width of the gap 2a so as to be held in a
positioned state, taking such an attitude that a detection sur-
face thereof faces the core 2.

That is, in the housing 6, plural (in this embodiment, three)
closed-bottom rectangular holding holes 64, as holding por-
tions in which the element main body 3a of the Hall IC 3
corresponding to each current sensor A can be fitted from the
side of the printed board 4, are provided to open to the side of
the printed board 4.

As the element main body 3a is fitted into each of these
holding holes 6a, the element main body 3a is held at the
center position in the direction of width of the gap 2a, with a
degree of clearance that can allow thermal expansion of the
element main body 3a due to heat generation by the electri-
fication of the busbar 1.

Therefore, in the core 2, the magnetic flux generated
according to the current flowing through the busbar 1 is con-
centrated. The concentrated magnetic flux passes over the gap
2a. Thus, a magnetic path is formed by the core 2 and the
element main body 3a, and the Hall IC 3 can detect the
strength of the magnetic field formed by the current to be
measured flowing through the busbar 1.

In the Hall IC 3, three pin-shaped radial lead wires as the
connection terminals 35 are provided in parallel on one lateral
end surface along the direction of thickness of the element
main body 3a.

Therefore, the Hall IC 3 is soldered to the printed board 4,
with the connection terminals (radial lead wires) 35 inserted
in each of the plural through-holes 4a formed in the printed
board 4, instead of being mounted as surface-mount compo-
nents.

In the terminal guide plate 5, plural (in this embodiment,
nine) guide holes 5a in which the three connection terminals
3b of each Hall IC 3 having the element main body 3a held in
the holding hole 6a are inserted separately from the side of the
housing 6, are formed, penetrating the terminal guide plate 5.

Each guide hole 5a is formed penetrating the terminal
guide plate 5, in a funnel-shape having a conical surface with
the diameter thereof reduced from the side of the housing 6
toward the side of the printed board 4, and guides the connec-
tion terminal 356 of the element main body 3a held in each
holding hole 6¢ in such a way that a distal end portion is
inserted in the through-hole 4a in the printed board 4.

Of the three connection terminals 35, adjacent connection
terminals are bent at rising parts thereof from the element
main body 3a into the opposite lateral directions to each other
on both sides of the element main body 3a. Also, each of the
distal end portions of the three connection terminals 35 bent
in the lateral directions is further bent to follow a direction
orthogonal to the plate surface of the printed board 4.

Therefore, the distal end portions of the adjacent connec-
tion terminals 36 can be prevented from being concentrated
on a particular side of the element main body 3a, and the
through-holes 44 for terminal insertion in the printed board 4
can be dispersed.

Thus, even if guide holes 5a with a maximum diameter are
formed in the terminal guide plate 5 in order to enable the
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distal end portions of the connection terminals 36 to be
securely guided into the through-holes 4a, the guide holes 5a
can be arranged without interfering with each other.

The terminal guide plate 5 is provided with a columnar
engagement pin 7a that is pushed into an engagement hole 7
that is formed penetrating the printed board 4.

As the engagement pint 7« is pushed into the engagement
hole 7 from the side facing the housing 6, of the printed board
4, theterminal guide plate 5 is amounted on the side facing the
housing 6, of the face and back sides of the printed board 4.

An engaging portion 8 and an engaged portion 8a for
engaging and fixing the housing 6 and the printed board 4 in
a positioned state are provided across the housing 6 and the
printed board 4. The position of the engaging portion 8 and
the engaged portion 8a is set at one position on an outer
peripheral portion in the area where the plural element main
bodies 3a are arranged.

The engaging portion 8 is formed as an engagement hole
formed across the printed board 4 and the terminal guide plate
5. The engaged portion 8a is formed as a columnar engage-
ment pin projected on the housing 6.

As the engagement pin (engaged portion) 8« is pushed into
the engagement hole (engaging portion) 8 continued across
the printed board 4 and the terminal guide plate 5, the printed
board 4 and the terminal guide plate 5 are fixed to each other
in the state where the printed board 4 and the terminal guide
plate 5 are prevented from detaching from the housing 6 and
in the state of being positioned in the housing 6.

A method for manufacturing the current sensor A (sensor
unit U) will be described.

In the method for manufacturing the current sensor A, the
element main bodies 3a of the plural Hall ICs 3 corresponding
to the respective current sensors A are held in advance in the
holding holes 6a provided in the housing 6 holding the busbar
1 and the core 2, as shown in FIGS. 5 and 6 (element main
body holding step).

The plural (in this embodiment, nine) connection terminals
35 extended from the element main bodies 3a held in the
respective holding holes 64 in the element main body holding
step are obliquely bent in advance toward the printed board 4
while spreading in separating directions from each other on
both sides of the element main bodies 3a, and the end of each
connection terminal 45 is bent to align the extending direction
of the end with the direction heading perpendicularly from
the housing 6 toward the printed board 4.

Next, as the engagement pin 7a is pushed into the engage-
ment hole 7, the terminal guide plate 5 is mounted on the
surface facing the housing 6, of the printed board 4 (guide
plate mounting step).

As shown in FIGS. 6 and 7, the printed board 4 and the
terminal guide plate 5 mounted on the printed board 4 are
situated closely to the housing 6 holding the plural element
main bodies 3a. While the engagement pin 8a is pushed into
the engagement hole 8 to align the printed board 4 and the
housing 6 together, each of the ends of the connection termi-
nals 35 is inserted into the corresponding guide hole 54 in the
terminal guide plate 5 and the corresponding through-hole 4a
in the printed board 4.

Thus, the housing 6 and the printed board 4 are fixed to
each other with the terminal guide plate 5 in the state where
movement, with respect to the printed board 4, of the connec-
tion terminals 35 with the ends thereof inserted in the
through-holes 4a is allowed (board fixing step).

Moreover, as shown in FIG. 7, each of the connection
terminals 34 inserted in the through-holes 4qa in the printed
board 4 is soldered to the circuit pattern (soldering step).
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Thus, each connection terminal 354 can be soldered to the
printed board 4 in the state where there is little residual stress,
and the assembling attitude of each element main body 3a to
the core 2 (gap 2a) can be easily stabilized.

If the three guide holes 5a and through-holes 4a in which
the three connection terminals 35 are inserted are formed
adjacently to each other in a line, each connection terminal 35
may be bent toward the same side of the element main body
3a in such a way that the connection terminals 35 are spaced
away from each other.

Second Embodiment

FIG. 8 shows a second embodiment disclosed here.

In this embodiment, the position of the engagement hole 8
forming the engaging portion and the engagement pin 8a
forming the engaged portion, for fixing the printed board 4
and the housing 6 in the positioned state, is set substantially at
a center part in the area where the plural element main bodies
3a are arranged.

According to this embodiment, a maximum length from
the engagement hole 8 or the engagement pin 84 to the con-
nection terminals 35 can be set to the shortest.

Therefore, even if the relative position between the printed
board 4 and the housing 6 varies due to thermal deformation
in use, the amount of deformation of'the connection terminals
3b can be reduced and the shift of the element main body 3a
due to the deformation of the connection terminals 35 can be
restrained. Thus, high detection accuracy can be easily main-
tained over a long period.

The other parts of the configuration are similar to the first
embodiment.

Third Embodiment

FIG. 9 shows a third embodiment disclosed here.

In this embodiment, a land 11 is formed around the
through-holes 44 on the face side and back side of the printed
board 4, and a recessed portion 12 is formed at a position
facing the land 11 of the printed board 4, on the terminal guide
plate 5. In this embodiment, the face side of the printed board
4 is the surface facing the side of the terminal guide plate 5, of
the surfaces of the printed board 4. The back side of the
printed board 4 is the surface facing the side opposite to the
terminal guide plate 5, of the surfaces of the printed board 4.
As in the foregoing embodiments, the through-holes 4a for
fixing the connection terminals 35 are formed in the printed
board 4 in this embodiment, too.

The expression “around the through-hole 44” means an
area surrounding the through-hole 4qa at the center thereof,
along the face side and back side of the printed board 4. As the
connection terminals 35 are inserted in such through-holes 4a
and a solder is deposited on the lands 11 on the back side of
the printed board 4, a fillet is formed at each land 11 on the
face side and back side of the printed board 4. Also, the solder
enters the inside of the through-holes 4a. Thus, the solder
fixing strength of the connection terminals 35 to the printed
board 4 can be improved.

The position facing the land 11 of the printed board 4, on
the terminal guide plate 5, is the position facing the land 11 on
the face side of the printed board 4. At such a position on the
terminal guide plate 5, the recessed portion 12 is formed. The
opening width of the recessed portion 12 (equivalent to the
length in the direction of board width of the printed board 4
and the length in the direction of board length) may be
approximately the same as the land 11 facing this recessed
portion 12. Of course, the opening width can be greater than
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the land 11 or can be smaller than the land 11. The depth of the
recessed portion 12 (equivalent to the length in the direction
of' board thickness of the printed board 4) may be equal to or
smaller than the height of the fillet formed in the land 11
facing the terminal guide plate 5. That is, it is preferable to
form the recessed portion 12 with a predetermined depth and
adjust the amount of solder when soldering the Hall IC 3.

The recessed portion 12 in this embodiment is formed to
penetrate the terminal guide plate 5 along the direction of
board width of the printed board 4. The direction of board
width of the printed board 4 is the direction heading from the
front toward the back of the sheet in FIG. 9. Penetrating the
terminal guide plate 5 means the state where there is no wall
part in the direction of board width. Therefore, when the
recessed portion 12 is viewed from the front of the sheet, the
sight in the back of the sheet can be seen. Thus, since the fillet
formed at the land 11 on the side of the terminal guide plate 5
can be visually recognized through the recessed portion 12,
whether soldering is being done properly or not can be con-
firmed by visual inspection or the like.

Other Embodiments

The current sensor A disclosed here may have the housing
6, the circuit board 4 and the terminal guide plate 5 for each
current sensor A.

The current sensor A disclosed here can be used as a current
sensor that measures a current flowing through various other
busbars than a busbar connecting an electric motor to an
inverter.

In the third embodiment, it is described that the recessed
portion 12 is formed to penetrate the terminal guide plate 5
along the direction of board width of the printed board 4.
However, as shown in FIG. 10, it is possible to form the
recessed portion 12 only at a site faced by the land 11 on the
side of the terminal guide plate 5. Even with such a configu-
ration, the fillet can be formed at the lands 11 on the face side
and back side of the printed board 4 and therefore the solder
fixing strength can be improved. Moreover, as shown in FIG.
11, it is possible to form a wall portion 13 only on one side in
the direction of board width of the printed board 4 so that the
recessed portion 12 does not penetrate the terminal guide
plate 5 along the direction of board width of the printed board
4.

The technique disclosed here can be used for a current
sensor including: a housing that holds a busbar to which a
current is applied and a core arranged around the busbar; a
circuit board fixed to the housing in the state of being
arranged to face the housing; and a detection element for
detecting the current; wherein the detection element has an
element main body held in the housing and plural connection
terminals fixed in through-holes in the circuit board, and a
manufacturing method for the same.

An aspect disclosed here is directed to a current sensor
including: a housing that holds a busbar to which a current is
applied and a core arranged around the busbar; a circuit board
fixed to the housing in the state of being arranged to face the
housing; and a detection element for detecting the current;
wherein the detection element has an element main body held
in the housing and plural connection terminals fixed in
through-holes in the circuit board, and wherein a plate-like
member provided with guide holes in which the connection
terminals are inserted and which have a diameter reduced
from the side of the housing toward the side of the circuit
board is provided on a surface facing the housing, of two
surfaces of the circuit board.
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In the current sensor with this configuration, the plate-like
member provided with the guide holes in which the connec-
tion terminals are inserted and which have a diameter reduced
from the side of the housing toward the side of the circuit
board is provided on the surface facing the housing, of the two
surfaces of the circuit board.

Therefore, after the element main body is assembled at a
predetermined position in the housing, each of the plural
connection terminals can be inserted into each guide hole
provided in the plate-like member, thus guiding the connec-
tion terminals to enter the through-holes in the circuit board.

Thus, the detection element can be easily assembled on
both the circuit board and the housing, with each of the plural
connection terminals securely entering each through-hole in
the circuit board, while high assembling accuracy of the ele-
ment main body to the core can be set in order to achieve high
detection accuracy.

Moreover, as high assembling accuracy of the element
main body to the core is set, the change in the attitude of the
element main body to the core due to the difference in the
coefficient of thermal expansion between the circuit board
and the housing can be restrained.

Thus, according to the current sensor with this configura-
tion, detection accuracy can be improved while the assem-
bling of the detection element on both the circuit board and
the housing is facilitated.

Another aspect disclosed here is directed to the current
sensor described above, wherein the housing holds a plural
number of the element main bodies, an engaging portion and
an engaged portion that position the housing and the circuit
board are provided separately on the housing and the circuit
board, and the position of the engaging portion or the engaged
portion is set at a central part in an area where the plural
element main bodies are arranged.

Since the circuit board and the housing have different coef-
ficient of thermal expansion from each other, the relative
position between the circuit board and the housing can easily
shift due to thermal deformation in use.

According to this configuration, the maximum length
between the engaging portion or the engaged portion and the
connection terminal can be substantially halved, compared
with the case where the position of the engaging portion or the
engaged portion that positions the housing and the circuit
board is arranged at one position spaced away from the cen-
tral part in the area where the plural element main bodies are
arranged.

Therefore, high detection accuracy can be easily main-
tained over a long period.

It is preferable that lands are formed around the through-
holes on a face side and a back side of the circuit board, and
that a recessed portion is formed at a position facing the land
of the circuit board, on the plate-like member.

According to such a configuration, a fillet can be formed on
each land on the face side and the back side of the circuit
board. Thus, since the solder fixing strength of the detection
element can be increased, reliability of the soldering of the
detection element can be improved.

The recessed portion may be formed to penetrate the plate-
like member along a direction of board width of the circuit
board.

According to such a configuration, the fillet formed on the
connection terminal can be visually recognized via the
recessed portion from the direction of board width of the
circuit board. Therefore, any mounting error of the detection
element can be easily found in visual inspection or the like.
Thus, for example, even if there is a soldering error in the
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manufacturing process, the defect product can be easily
extracted in visual inspection and therefore product quality
can be improved.

Still another aspect disclosed here is directed to a method
for manufacturing a current sensor including the steps of:
causing a holding portion provided in a housing that holds a
busbar to which a current is applied and a core arranged
around the busbar, to hold element main bodies of plural
detection elements for detecting the current in the state where
that plural connection terminals extending from the element
main bodies are bent so that adjacent connection terminals are
spaced away from each other, and where an end of each
connection terminal is bent to align an extending direction of
the end with a direction toward a circuit board from the
housing; mounting a plate-like member onto a surface facing
the housing, of two surfaces of the circuit board fixed to the
housing in the state of facing the housing, the plate-like mem-
ber being provided with plural guide holes that have a diam-
eter reduced from the side of the housing toward the side of
the circuit board; situating the circuit board and the plate-like
member closely to the housing holding the plural element
main bodies, then inserting each of the ends of the connection
terminals into the corresponding guide hole in the plate-like
member and a corresponding through-hole in the circuit
board while aligning the housing with the circuit board, and
fixing the circuit board to the housing; and soldering the end
of each of the connection terminals to the circuit board.

That is, as each holding portion provided in the housing
that holds the busbar and the core holds the element main
bodies of the plural detection elements, each element main
body can be assembled to the core accurately.

As the circuit board and the plate-like member mounted on
the surface of'the circuit board facing the housing are situated
closely to the housing, each of the ends of the connection
terminals aligned in the direction toward the circuit board
from the housing is inserted in the corresponding guide hole
and the through-hole in the circuit board, while the housing
and the circuit board are aligned together. Thus, the circuit
board is fixed to the housing.

The respective connection terminals of the detection ele-
ments are bent in such a way that adjacent connection termi-
nals are spaced away from each other, and the end of each
connection terminal is bent toward the circuit board.

Therefore, even if large guide holes in which the connec-
tion terminals can be easily introduced are provided as guide
holes in the plate-like member, these guide holes can be
arranged without interfering with each other. Also, if the
circuit board thermally expands and becomes displaced with
respect to the housing, the connection terminals become
deformed by bending and thus can absorb the displacement.

Also, the bending direction of the connection terminals is
not the same direction but is set in directions away from each
other. Therefore, when the circuit board is displaced in a
particular direction with respect to the housing, even if a
direction of the external force acting on each connection
terminal is the same, the connection terminals bend in differ-
ent directions from each other and therefore the connection
terminals have different bending states from each other. Thus,
no matter which direction the circuit board is displaced in, the
influence of the external force applied to the element main
bodies is averaged and the mounting stability of the element
main bodies is increased.

Moreover, while each of the ends of the plural connection
terminals can be easily inserted in the through-hole in the
circuit board, the circuit board can be fixed to the housing in
the state where the movement with respect to the circuit
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board, of the connection terminals with the ends thereof
inserted in the through-holes is allowed.

As each of the ends of the connection terminals inserted in
the through-hole in the circuit board is soldered to the circuit
board after the circuit board is fixed to the housing, the detec-
tion element can be assembled on both the circuit board and
the housing.

Thus, each connection terminal can be soldered to the
circuit board in the state where there is little residual stress,
and the assembling attitude of each element main body to the
core can be easily stabilized.

The principles, preferred embodiment and mode of opera-
tion of the present invention have been described in the fore-
going specification. However, the invention which is intended
to be protected is not to be construed as limited to the par-
ticular embodiments disclosed. Further, the embodiments
described herein are to be regarded as illustrative rather than
restrictive. Variations and changes may be made by others,
and equivalents employed, without departing from the spirit
of'the present invention. Accordingly, it is expressly intended
that all such variations, changes and equivalents which fall
within the spirit and scope of the present invention as defined
in the claims, be embraced thereby.

What is claimed is:

1. A current sensor comprising:

a housing that holds a busbar to which a current is applied

and a core arranged around the busbar;

a circuit board fixed to the housing in the state of being
arranged to face the housing; and

a plurality of detection elements for detecting the current;

wherein each of the detection element has an element main
body and a plurality of connection terminals, the ele-
ment main body held in a holding hole of the housing
and the plurality of connection terminals fixed in respec-
tive through-holes in the circuit board,

a plate-like member provided on a surface of the circuit
board facing the housing, the plate-like member pro-
vided with guide holes in which the plurality of connec-
tion terminals are respectively inserted, each of the
guide holes has a diameter reduced from a side of the
plate-like member closer to of the housing toward a side
of'the plate-like member closer to the circuit board, each
of the plurality of connection terminals being respec-
tively inserted into the through holes in the circuit board
via the respective reduced-diameter guide holes in the
plate-like member; and

the plurality of connection terminals spreading in separat-
ing directions from each other on both sides of the ele-
ment main body, an end of each connection terminal
being bent to align the extending direction of the end
with a direction heading perpendicularly from the hous-
ing toward the plate-like member.

2. The current sensor according to claim 1, wherein the

housing holds a plural number of the element main bodies,
an engaging portion and an engaged portion that position
the housing and the circuit board are provided separately
on the housing and the circuit board, and
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the position of the engaging portion or the engaged portion
is set at a central part in an area where the plural element
main bodies are arranged.
3. The current sensor according to claim 1, wherein lands
are formed around the through-holes on a face side and aback
side of the circuit board, and a recessed portion is formed at a
position facing the land of the circuit board, on the plate-like
member.
4. The current sensor according to claim 3, wherein the
recessed portion is formed to penetrate the plate-like member
along a direction of board width of the circuit board.
5. The current sensor according to claim 2, wherein lands
are formed around the through-holes on a face side and aback
side of the circuit board, and a recessed portion is formed at a
position facing the land of the circuit board, on the plate-like
member.
6. The current sensor according to claim 5, wherein the
recessed portion is formed to penetrate the plate-like member
along a direction of board width of the circuit board.
7. A method for manufacturing a current sensor comprising
the steps of:
causing a holding portion provided in a housing that holds
abusbarto which a current is applied and a core arranged
around the busbar, to hold element main bodies of plural
detection elements for detecting the current in the state
where plural connection terminals extending from the
element main bodies are bent so that adjacent connec-
tion terminals spread in separating directions from each
other on both sides of the element main body, and where
an end of each connection terminal is bent to align an
extending direction of the end with a direction toward a
circuit board from the housing;
mounting a plate-like member onto a surface the circuit
board facing the housing, the plate-like member being
provided with plural guide holes that have a diameter
reduced from a side of the plate-like member closer to
the housing toward a side of the plate-like member
closer to the circuit board;
situating the circuit board and the plate-like member
closely to the housing holding the plural element main
bodies, then inserting each of the ends of the connection
terminals into the corresponding guide hole in the plate-
like member and a corresponding through-hole in the
circuit board while aligning the housing with the circuit
board, and fixing the circuit board to the housing; and

soldering the end of each of the connection terminals to the
circuit board;

wherein each of the plurality of connection terminals being

respectively inserted into the through holes in the circuit
board via the respective reduced-diameter guide holes in
the plate-like member; and the end of each connection
terminal is bent to align the extending direction of the
end with a direction heading perpendicularly from the
housing toward the plate-like member.
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